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Spinal  dural  arteriovenous  ﬁstula
C.  Amanieu ∗,  M.  Hermier,  N.  Peyron,  A.  Chabrol,
G.  Deiana,  L.  Manera
Neuroradiology  Department,  Pierre-Wertheimer  Hospital,  59,  boulevard  Pinel,  69500  Bron,
FranceObservation
A  56-year-old  male  patient,  with  a history  of  small  cell  bronchopulmonary  cancer  treated
with  radiotherapy  and  chemotherapy  (last  course  5  months  previously),  has  had  hypoesthe-
sia/ataxia  type  sensory  disorders  in  his  legs  for  the  last  4  months  and  sphincter  disorders
which  appeared  secondarily  and  were  progressive.  An  MRI  of  the  spinal  cord  was  performed
(Figs.  1  and  2).
DOI of original article:http://dx.doi.org/10.1016/j.diii.2013.08.006.
 Here is the answer to the case ‘‘Hypoesthesia type sensory disorders’’ previously published. As a reminder we publish again the entire
case with the response following.
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nigure 1. Spinal cord MRI, median sagittal slice of the cervico-th
adolinium injection.
hat is your diagnosis?
rom  the  observations,  what  would  your  diagnosis  be  from
mong  the  following  suggestions:
radiation  myelitis;
spinal  cord  and  leptomeningeal  metastases;
spinal  dural  arteriovenous  ﬁstula;
cord  compression  due  to  degenerative  intervertebral  disk
changes  at  various  levels;
infectious  myelitis.
iagnosis
pinal  dural  arteriovenous  ﬁstula.
omments
he  MRI  of  the  spinal  cord  shows:
cord  edema  with  T2-weighted  centromedullary  hyperin-
tensity  in  the  lower  dorsal  cord  and  the  conus  medullaris,
with  no  contrast  uptake,  and  an  increase  in  volume  of  the
cord,  producing  the  appearance  of  ascending  myelopathy;
small  perimedullary  vascular  images  (hypointense  serpi-
ginous  features  with  T2-weighting  and  enhancement  with
T1-weighting  after  injection  of  contrast  agent),  suggest-
ing  venous  ectasias  (Figs.  3  and  4);
cervical  and  thoracic  intervertebral  disk  degeneration
without  signiﬁcant  repercussions  on  the  canal  (Fig.  3).
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ic region: a: T2-weighted sequence; b: T1-weighted sequence after
iscussion
pinal  dural  arteriovenous  ﬁstulas  are  the  most  common  vas-
ular  malformations  of  the  spinal  cord.  They  are  relatively
are  and  their  diagnosis  is  often  made  late,  resulting  in  con-
iderable  morbidity  due  to  the  lack  of  appropriate  treatment
1].
They  consist  of  a  single  shunt  (unlike  arteriovenous
alformations  characterized  by  the  existence  of  a  nidus)
etween  an  epidural  artery,  most  often  a radiculomeningeal
rtery,  and  an  epidural  and/or  perimedullary  vein  that
rains  in  the  reverse  direction.
Anatomically,  arterial  vascularization  of  the  cord  is  pro-
ided  by  an  anterior  spinal  artery  and  two  posterior  spinal
rteries.
These  three  axes  have  a  variable  supply  from  medullary
ranches  of  the  metameric  radiculomeningeal  arteries,
erived  from  the  vertebral,  intercostal  and  lumbar  arteries.
Venous  drainage  is  provided  by  the  longitudinal  spinal
eins  linked  together  and  to  the  epidural  network  by  many
ransverse  anastomoses.  These  spinal  veins  drain  essentially
nto  the  vertebral  veins  and  the  azygos  system.
The  arrangement  of  epidural  and  medullary  vasculariza-
ion  is  extremely  variable  from  one  patient  to  another.
Dural  arteriovenous  ﬁstulas  usually  involve  an  arteriove-
ous  shunt  between  the  radiculomeningeal  artery  and  vein.
t  should  be  remembered  that  it  is  not  unusual  for  the  radicu-
omeningeal  artery  involved  to  be  the  origin  of  a  segmental
edullary  branch,  which  is  of  vital  importance  in  determin-
ng  the  therapeutic  strategy  to  follow.
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eFigure 2. T2-weighted spinal cord MRI centered on the lumbosac
When  there  is  an  epidural  arteriovenous  shunt,  the  pres-
sure  increases  in  the  epidural  venous  network,  then  in  the
perimedullary  venous  network  due  to  the  many  anastomoses
between  the  two  systems.
This  increase  in  perimedullary  venous  pressure  results
in  medullary  venous  congestion  that  alters  tissue  perfusion
with  chronic  ischemic  damage  and  spinal  cord  edema  [2].
The  ascending  nature  of  the  venous  drainage  explains  the
predominance  of  spinal  lesions  in  the  lower  regions,  i.e.
in  the  conus  medullaris,  irrespective  of  the  cranio-caudal
location  of  the  ﬁstula.
In  anatomical  terms,  spinal  dural  arteriovenous  ﬁstulas
may  occur  at  any  level,  from  the  foramen  magnum  to  the  last
sacral  branches.  However,  more  than  80%  of  lesions  occur
between  T6  and  L2  [3].
There  is  clear  male  predominance  (ﬁve  men  are  affected
for  each  woman),  and  the  mean  age  at  diagnosis  is  between
55  and  60  years  of  age  [4].  They  are  rarely  discovered  before
30  years  of  age.
While  the  exact  etiology  of  spinal  dural  arteriovenous  ﬁs-
tulas  is  not  entirely  clear,  their  late  appearance  suggests  an
acquired  cause  [3].
There  are  no  speciﬁc  characteristics  for  the  clinical  pre-
sentation  of  spinal  dural  arteriovenous  ﬁstulas.  They  consist
primarily  of  subjective  or  objective  sensory  disorders  in  the
legs  (more  or  less  diffuse  paresthesia,  hypoesthesia,  ataxia,
etc.),  sometimes  root  pain,  and  motor  disorders  with  difﬁ-
culty  in  climbing  stairs  [3].  Sphincter  disorders  usually  occur
later.
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agion: a: median sagittal slice; b: left paramedian sagittal slice.
It  should  be  remembered  that  a lumber  puncture  is
ormally  contraindicated  when  there  is  a  spinal  dural  arte-
iovenous  ﬁstula  because  of  the  risk  of  decompensation:
erebrospinal  ﬂuid  puncture  leads  to  pressure  reduction
n  the  canal  which  modiﬁes  the  pressure  equilibria  of  the
erimedullary  vascular  network,  which  may  lead  to  venous
ongestion  being  aggravated.
Diagnosis  is  based  on  the  MRI  and  angiogram.
The  MRI  typically  shows  hyperintense  centromedullary
dema  on  T2-weighted  sequences,  an  increase  in  cord
olume  secondary  to  the  edema,  and  the  existence  of
ilated  perimedullary  vessels,  visible  as  serpiginous  ﬂow
oid  images  with  T2-weighting,  and  enhancing  with  T1-
eighting  following  contrast  agent  injection  [3].  Contrast
ptake  by  the  cord  may  occur  due  to  the  chronic  ischemia.
The  diffusion  sequence  and  ADC  mapping  typically  show
yperintensity  with  weighting  and  a  fall  in  ADC,  conﬁrming
he  existence  of  vasogenic  edema.
T2  hyperweighted  sequences  (Fiesta,  CISS,  etc.)  and  MRA
equences  may  detect  the  dilated  perimedullary  veins  bet-
er  —  with  the  advantage  that  MRA  allows  vascular  mapping,
hus  conﬁrming  the  presence  of  an  arteriovenous  shunt  with
erimedullary  venous  drainage,  helping  to  locate  the  affer-
nt  artery  and  plan  the  therapy.
In  practice,  the  presence  of  centromedullary  edema  of
he  conus  medullaris  and  dilated  perimedullary  vessels  in
he  MRI  is  almost  pathognomonic:  there  is  no  other  imaging
ifferential  diagnosis  except  for  another  form  of  medullary
rteriovenous  malformation  [3].
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Figure 3. Spinal cord MRI, median sagittal slice of the cervico-thoracic region, sagittal slices T2-weighted (a) and T1-weighted after con-
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prast enhancement (b). Intervertebral disk degenerative changes wi
dema (arrow). Abnormal visibility of contrast-enhanced small peri
The  treatment  of  spinal  dural  arteriovenous  ﬁstulas  is
ased  on  complete  endovascular  or  surgical  occlusion  of
he  arteriovenous  shunt  and  the  beginning  of  the  draining
ein.
The  variability  of  epidural  and  spinal  cord  vascular
natomy  is  the  source  of  diagnostic  and  therapeutic  dif-
culties.  During  diagnostic  angiography  it  is  essential  to
etermine  whether  the  radiculomeningeal  artery  involved
as  a  segmental  medullary  branch  that  would  make  an
ttempt  at  embolization  hazardous  because  of  the  major
isk  of  cord  ischemia.
The  prognosis  depends  on  how  early  the  problem  is
reated:  occlusion  of  the  shunt  stops  spinal  cord  lesions  pro-
ressing.  However,  regression  of  sensory-motor  symptoms
resent  at  the  time  of  diagnosis  is  inconsistent  [3].
In  our  observation,  the  presence  of  a  dural  arteriove-
ous  ﬁstula  was  conﬁrmed  by  an  angiogram  which  found  an
d
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o signiﬁcant repercussions on the canal (asterisks). Centromedullary
llary vessels (arrowhead).
pidural  shunt  from  the  left  L2  metameric  artery  with  dual
pidural  and  perimedullary  venous  drainage  (Fig.  5).
The  patient  subsequently  underwent  endovascular
mbolization  completely  closing  the  ﬁstula  and  halting  evo-
ution  of  the  symptoms.
To  summarize,  while  the  clinical  presentation  of  spinal
ural  arteriovenous  ﬁstulas  is  non-speciﬁc,  they  are  almost
nambiguously  revealed  in  MRI,  which  should  rapidly  lead
o  appropriate  treatment.  At  present,  this  diagnosis  is  often
ade  too  late,  with  an  unfavorable  effect  on  the  functional
rognosis.  Sound  knowledge  of  the  MRI  characteristics  of
pinal  dural  arteriovenous  ﬁstulas  (centromedullary  edema
redominating  in  the  conus  medullaris  and  the  presence  of
ilated  perimedullary  vessels)  is  essential  for  rapid  referral
f  the  patient  to  a  suitable  unit.  Our  observation  presents  a
ypical  case  of  spinal  dural  arteriovenous  ﬁstula,  diagnosis
f  which  should  be  suggested  from  the  MRI.
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Figure 4. T2-weighted spinal cord MRI centered on the lumbosacral region: sagittal slices. Centromedullary edema of the conus medullaris
(arrow). Dilated perimedullary vessels, visible as ﬂow voids with T2-weighting (arrowhead).
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Figure 5. Digital angiogram centered on the lumbosacral joint.
Afferent lumbar artery (left L2) with catheter in situ (arrow).
Arteriovenous shunt (asterisk). Epidural drainage vein (empty
arrowhead). Perimedullary drainage vein (solid arrowhead).
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